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INTRODUCTION
Library services quality is one of the most vital parts in library management, as it serves as the main element in meeting users' needs. Evaluation of library services based on the perspective of users is important because services should be assessed by those who receive them. LibQual protocol has become the de facto standard for providing a holistic assessment of users' perception of library services [1] . The LibQual protocol consists of 22 core survey items. The items measure users' perception of library services quality in three dimensions: affect of service, information control, and library as place [2] .
In the LibQual protocol, there is no weight level for each survey item and the protocol also has not been able to provide any conclusion of actions needed for services improvement. The items' weights should provide more comprehensive calculation in order to decide the level of services quality. Therefore, a method to calculate those weights is required. Analytical Hierarchy Process (AHP) is a method in decision-support system to provide consistent weights calculation. In order to remove the subjectivity in weights calculation, a group of people are involved in the process of calculation. This method is called Group Decision Support System (GDSS). Martilla and James [3] introduced Importance-Performance Analysis (IPA) method, also known as quadrant analysis, to measure the relationship between consumers' perception and priority of services quality improvement.
Li and Yang [4] conducted a research on the evaluation of library services quality using Fuzzy AHP (FAHP) and LibQual. Their research invited three experts in a library to obtain FAHP weights, with 200 survey items. Their conclusion is that using FAHP could improve the evaluation process to obtain better accuracy. Do et al. [5] conducted a research on the evaluation of an academic library services quality using FAHP approach with trapezoid curve representation. FAHP could capture the vagueness of human judgments, provide systematic procedure proposals in the group decision making, and obtain a more accurate level of consensus. Ilham and Mulyana [6] conducted a research on GDSS to determine the location of students' placement in job training using AHP and Borda. Saputra and Wardoyo [7] also conducted a research on GDSS to determine the best employees using TOPSIS and Borda.
Wahyudin [8] conducted a research to find out students' satisfaction index of library services at Universitas Pendidikan Indonesia, using Satisfaction Index of Society for data analysis technique and Analysis of Importance of Results to obtain the level of conformity between services expectation and quality. The results showed that the library services performance is good enough. The most perceived service element was related to service security, while the least perceived service element is the discipline of the service personnel.
In this research, the quality of library services is evaluated using GDSS-AHP, LibQual and IPA. GDSS-AHP method is used to obtain the weights of criteria (LibQual's three dimensions) and subcriteria (LibQual's survey items). The combination of GDSS-AHP and LibQual is used to obtain the level of services quality in general and to know the value of each evaluation statement according to the perception and expectation of users. IPA method, on the other hand, is used to map the level of users' perception and expectation to the four IPA quadrants, to obtain recommendations for services improvement.
The rest of the paper is organized as follows: Section 2 lays out our proposed method. In Section 3, we present the results of our experiments on using the proposed method in a particular library. Section 4 concludes the paper. Figure 1 depicts the proposed method developed in this research to carry out the evaluation of library services quality; weighted GDSS-AHP is described in Section 2.1, LibQual questionnaire is described in Section 2.2, and LibQual questionnaire data processing is described in Section 2. 
METHODS

Weighting Criteria and Subcriteria Using GDSS-AHP
This weighting stage involves 4 decision makers, consisting of a head librarian at the Ministry of Trade, one library academic expert, and two library practitioners. The criteria and subcriteria used are shown in Table 1 . The weighting steps using GDSS-AHP are as follows:
1. Each decision maker assigns a weight to each criterion and to each subcriterion. The weighting of these criteria and subcriteria refers to the procedure of AHP weighting measures according to Chun et al. [9] , namely: a. Creating a pairwise comparison matrix (B) by using the assessment scale of 1 to 9, whose rows and columns contain all operation elements of the same hierarchy level. A component at the i-th row and j-th column represents the preference comparison between operation element i and operation element j. This matrix is reciprocal, where if, for instance, A1 is preferred over A2 with a preference comparison value of X, then A2 is preferred over A1 with the preference comparison value of 1/X. An operation element can be a criterion or a subcriterion, according to the computation being carried out. b. Multiplying each element in each row of comparison matrix, as follows:
where B i,j is the element of the comparison matrix at i-th row and j-th column, and n is the number of elements. c. Calculating the square root of M i , as follows:
d. Calculating the normalization of ̅ , as follows:
e. Calculating the value of , as follows:
where W j is the normalized weights vector of the j-th element. f. Calculating the Consistency Index (CI) value, as follows: ,
where n is the number of elements. g. Determining Random Index (RI) value according to Table 2 . h. Calculating Consistency Ratio (CR) value, as follows:
If the value of CR ≤ 0.1 then it can be concluded that the pairwise comparison matrix is already consistent. However, if the value of CR > 0.1, then the priority assessment should be repaired.
2. Calculating the global priority weight of each decision maker by multiplying the priority weight of the criteria with the priority weight of subcriteria obtained previously, as follows: ,
where WSC d,s is the global priority weight of subcriterion s for decision maker d, wc d,c is the priority weight of criterion c for decision maker d, and wsc d,s is the priority weight of subcriterion s for decision maker d.
3. Calculating the total weight of GDSS-AHP for all decision makers, i.e., the average value of the global priority weighting of all decision makers, as follows: 
Developing an Evaluation Questionnaire
The evaluation questionnaire is based on the perception and expectation of the users/respondents by referring to the criteria and subcriteria listed in Table 1 . Part of the evaluation questionnaire is shown in Figure 2 . Figure 2 represents the six evaluation items for the affect of service criterion.
LibQual Questionnaire Data Processing
LibQual questionnaire data processing consists of:
1. LibQual GDSS-AHP computation with discretization. This computation aims to determine the conclusions of the quality level of library services. The procedure for this computation refers to both Li and Yang [4] and Do et al. [5] , where they used linguistic scales on their questionnaire answer choices. This study uses an assessment scale of 1 to 9 on the questionnaire answer choices. Therefore, to produce conclusions in linguistic form, a value conversion is used to discretize the respondents' response to form a linguistic label. The discretization of the responses is carried out as follows:
where response i,j is the choice of answer given by the i-th respondent on the j-th item statement of the evaluation instrument. 13) where WC is the weights of the criteria obtained by weighting calculation process of GDSS-AHP. f. Based on the principle of maximum membership degree, the final conclusions of services quality evaluation are selected based on the largest percentage value of the discretized label from matrix B. Matrix B (of dimension 1x5) represents the total value of the discretized label of the library services quality. As described in Equation (9) , there are 5 discretized labels: Very Dissatisfied (STP), Not Satisfied (TP), Quite Satisfied (CP), Satisfied (P), and Very Satisfied (SP).
2. Calculation of weighted LibQual perception. This calculation aims to determine the value of each statement item of the evaluation instrument of the library services quality based on respondents' perception. LibQual weighted calculation steps are as follows: a. Finding the average perception value of each statement item (each subcriterion), as defined by:
where ̅̅̅̅̅ is the mean perception value of the j-th subcriterion, is the perception value of the i-th respondent on the j-th subcriterion, and N is the number of respondents. b. Calculating the weighted perception value of each statement item by multiplying the mean perception value of each statement item and the weight produced by GDSS-AHP, as defined by: ̅̅̅̅̅
where is the weighted perception value of the j-th subcriterion, and is the GDSS-AHP weight of the j-th subcriterion. 
Where ̅̅̅̅̅ is the mean expectation value of the j-th subcriterion, is the expectation value of the i-th respondent on the j-th subcriterion, and N is the number of respondents. b. Calculating the weighted expectation value of each item statement by multiplying the average expectation value of each statement and the weight produced by GDSS-AHP, as defined by: ̅̅̅̅̅
where is the weighted expectation value of the j-th subcriterion, and is the GDSS-AHP weight of the j-th subcriterion.
4. IPA quadrant analysis. After knowing the quality level of library services from each evaluation statement according to perception and expectation of respondents, then ImportancePerformance Analysis is used to map each evaluation statement into the four IPA quadrants aiming to know weakness and strength of each evaluation statement. The flow diagram of the IPA quadrant analysis is depicted in Figure 3 . To map each evaluation statement, it is necessary to find the values of x-axis point (performance or perception) and y-axis (importance or expectation), as follows:
where ̿ ̿ are x-axis and y-axis points, respectively and K is the number of subcriteria or statement items.
RESULTS AND DISCUSSION
In this research, the data comes from 50 respondents, who are users of the library of the Ministry of Trade. The weight calculation involves four decision makers. The result of the services evaluation for the library is presented in this section.
Weighting Using GDSS-AHP
The result of the overall weighting of the criteria is presented in Table 3 . The weights for all subcriteria of affect of service, information control, and library as place criteria are shown in Tables 4, 5 , and 6, respectively. Table 4 The weights for all subcriteria of affect of service criterion Table 5 The weights for all subcriteria of information control criterion Tables 3, 4 , 5 and 6 indicate that each decision maker has different value preferences against the three criteria. DM-1, representing the library being studied, gives more attention to the information control criterion. DM-2, representing academics in the library field, considers that the three criteria have similar values. DM-3 and DM-4, representing library practitioners, on the other hand, tends to pay more attention to affect of service criterion. The result of this weighting indicates that there is a difference among the decision makers in giving preference values against the criteria, and this difference arises more from the background of the decision makers.
LibQual GDSS-AHP with Discretization
The responses of the respondents are discretized according to Equation (9) . The average for each label value of each evaluation item is shown in Table 7 . The RC1 (affect of service) matrix with dimension 6x5 is represented by the elements of Table 7 rows 1 to 6 in columns 7 to 11 (columns "Average Label Value"). The RC2 (information control) matrix with dimension 10x5 is represented by the elements of Table 7 rows 7 to 16 in columns 7 to 11. The RC3 (library as place) matrix with dimension 6x5 is represented by the elements of Table 7 rows 17 until 22 in columns 7 to 11. From Table 7 , we can infer that most respondents' responses are in the label: very satisfied, satisfied, and quite satisfied; and respondents rarely answer in the label: not satisfied and very dissatisfied. This is directly reflected in the result of GDSS-AHP LibQual calculation with discretization. The result shows that the largest percentage is very satisfied; followed by satisfied, quite satisfied, dissatisfied and very dissatisfied, as shown in Figure 4 . Figure 4 Calculation of LibQual GDSS-AHP discretization
Weighted LibQual Perception
The calculation of weighted LibQual perception uses the respondents' perception data. The data uses score 1 until 9. Figure 5 shows that the evaluation survey item with the greatest value is related to the ability of librarian (SC-4) and the lowest is related to the collection placement (SC-14). 
Weighted LibQual Expectation.
The calculation of weighted LibQual expectation uses the respondents' expectation data. Similar to the perception data, the expectation data also uses score 1 until 9. Figure 6 shows that the evaluation survey item with the greatest value is related to the ability of the librarian (SC-4) and the lowest is related to the collection placement (SC-14) and the locker facilities (SC-22). 
IPA Quadrant Analysis
In this analysis, the weighted LibQual perception and expectation are used to obtain a set of recommendations to improve the library services quality. The result of IPA quadrant analysis is depicted in Figure 7 . The x-axis represents the weighted LibQual perception and the y-axis represents the weighted LibQual expectation. Based on Figure 7 , the recommendations for improving the library services quality are as follows: to give special attention (priority) to quadrant 1 (survey items 7, 8, and 13), to maintain performance in quadrant 2 (survey items 2, 3, 4, 5, and 12), to give low priority in quadrant 3 (survey items 6, 9, 10, 11, 14, 15, 17, 18, 19, 20, 21, and 22), and to reduce (ignore) performance in quadrant 4 (survey items 1 and 16). An application can be considered usable if its functions can be executed effectively, efficiently, and satisfactorily. The next activity is to conduct a usability testing on the developed system. We have used a standard measurement to calculate the usability level of an application or software in software engineering, namely Questionnaire for User Interface Satisfaction (QUIS) [11] , which consists of 27 questions. The tests are conducted on three type of users (respondents) of the system, namely five users, one administrator, and two decision makers, by distributing questionnaires based on three types of observation elements: effectiveness, efficiency and satisfaction. The average usability level of the system is 90.03%. And the result of testing for the overall system usability test is depicted in Figure 8 . The method we have proposed in this paper to evaluate library services quality using LibQual, GDSS-AHP, and IPA has been shown to be effective in evaluating the performance of a library. This method can be developed further to become an evaluation tool to determine the level of a library services quality and even to obtain a set of recommendations to improve the services quality. Since both elements of stakeholders, i.e., decision makers as person in charge giving weights toward criteria and subcriteria and users as a research respondent, are taken into consideration, the result is relatively trustworthy. Users have also found the method to be satisfactory and useful, which is indicated by the result of system's usability testing with average value of 90.03%. For the particular library we conducted our research on, we obtained that users' satisfaction level is at least satisfied by 76.49%. For future work, it is interesting to find out more about other possible methods for library services evaluation, for instance methods that are based on Quality Function Deployment (QFD).
